Introduction
There has been much debate about carbon emissions scenarios with the Stern Review being criticized for adopting relatively high emissions projections compared to the accepted IPCC scenarios. But a year later Nicholas Stern argued that the scenarios he used -which were near the median of the IPCC SRES scenarios -were not extreme enough (Stern, 2008) . The Garnaut Review (Garnaut, 2008) argues for higher emissions scenarios on the basis of recent energy intensive rapid economic growth in developing economies, and particularly in China, the so-called "Platinum Age" . This Platinum Age scenario has higher emissions growth than any of the SRES scenarios while the Australian Treasury Report used a scenario that is similar up till 2050 to the highest emission growth SRES scenario -A1F1 (Treasury, 2008) . Ma and Stern (2008) find that about half the post-2000 increase in energy intensity in China can be explained by "negative technological change" and the remainder by a shift to more energy intensive industries. On the other hand, research shows convergence in energy efficiency and pollution intensity over time among developed economies (Strazicich and List, 2003; Stern, 2005) and perhaps between developed and developing countries (Westerlund and Basher, 2008; Stern, 2007) . Is it reasonable to project -as the Australian Treasury Report does -that in 2050 China will have both the same GDP per capita and emissions per capita as the US had in 2005, while US GDP per capita doubles and emissions remain constant? While China is relatively coal dependent and is likely to retain more manufacturing than the US has today its cities are more likely to resemble Hong Kong or Singapore than Atlanta or Denver and there are forty years for technological change to improve energy efficiency. Furthermore, economic growth in China looks set to slow down in the face of the current global financial crisis. It is, therefore, important to understand whether the recently observed carbon intensification of growth is a short-term anomaly or a phenomenon that will persist for a longer period of time.
The aim of this study is to measure and understand the long-term factors behind trends in energy and carbon intensity in different economies and how improvements in energy efficiency diffuse globally. This study will use a structural time series model to decompose the changes in carbon intensity into underlying variables including structural and technological change, examine the trends in the diffusion of lower energy and carbon intensity technology from developed to developing countries, and examine the factors that are related to the pace of diffusion. The analysis will also show how fast countries adopt energy efficiency and carbon reducing technologies, whether there is a convergence towards best practice over time, and how far behind the technology leader different countries are. Projections of future emissions can be derived by embedding these models in an economic growth model. A better understanding of these patterns of diffusion and adoption will also be useful in improving detailed bottom-up models of emissions.
Methods

Overview
The proposed research consists of three stages:
1.
Development and estimation of emissions frontier models similar to that in Stern (2005) and Stern (2007) for carbon emissions and energy use. These models allow us to break down changes in emissions into the contributions of changes in factors such as economic scale, structure, and energy input mix as well as the effects of changes in best practice technology and the degree and rate of adoption of best practice by each individual country. The degree of adoption represents the effective stringency of environmental policy in each country. Data will include at a minimum most of the European countries included in Stern (2005) as well as USA, Canada, Mexico, Australia, Japan, China, and India.
2.
Development and estimation of a model that explains the differential patterns across countries observed in the energy and carbon efficiency trends.
3.
Embedding of the first two models in a growth model framework such as the Green Solow Model (Brock and Taylor, in press ) for projection of future emissions scenarios.
Emissions Frontier Model
An emissions frontier model is a specialized version of the production frontier models that are used to represent production with multiple outputs and inputs in economics. In addition to the usual economic outputs of useful goods and services, there are also outputs of undesirable pollutants. The advantage of these models is that we do not need to have detailed industry sector information on pollutant emissions in order to estimate the effects of changes in industry structure on pollution. These models can be estimated for individual firms, industries, or countries, or for the world as a whole. The conventional approach to estimating these models for industries allows each individual firm to have a fixed level of inefficiency relative to the best practice or frontier technology.
Technological change can improve that best practice technology over time, but individual firms cannot change their relative positions. Stern (2005 Stern ( , 2007 E it is emissions of the pollutant in question in country i and year t.
A it is the state of technology in emissions abatement in country i in year t modeled as a random walk using the Kalman filter.
y kit are output variables.
x jit are the input variables.
u it are random error terms.
The and are regression type parameters that have various restrictions imposed on them. This is a regression type model with the addition of the random walk A it. The
Kalman filter is an algorithm that we can use to estimate models with unknown timevarying variables or parameters. We can model these individual technology trends so that they are affected by both independent and common "shocks" which drive the random walks. To the degree that the random walks are independent, technology does not diffuse but evolves independently in each country and vice versa. The values of the A i in a given year indicate the relative level of technology or productivity in each country and implicitly the stringency of each country's environmental policy. In contrast, a simple measure of energy or carbon intensity does not take into account the economic structure or energy endowment of a country.
Explaining the Diffusion Patterns
In this approach, emissions abatement is determined by the level of abatement technology adopted. Therefore, in order to understand the reasons why countries are found at different distances from the best practice frontier we need to develop a framework that models the choice of technology adopted. Recent theory and empirical results in development economics (Parente and Prescott, 2000; Easterly, 2002 ) take a similar approach. Differences between countries in income per capita cannot be explained by differences in capital stocks, or even human capital, alone. Total factor productivity differs across countries. The level of technology adopted depends on barriers raised against the adoption of foreign technology. In Parente and Prescott's (2000) model of income differences between countries all countries have access to the same technology but policy barriers result in lower TFP in poorer countries than in wealthier countries.
They believe that these barriers effectively raise the cost of adopting best practice technology. In the area of environmental technology the lack of correction of market failure raises a barrier against technology adoption. Environmental policies would be expected to effectively lower the cost of adopting best practice technology over the absence of environmental policy, when abatement is costly and there are no incentives to adopt it. So while in Parente and Prescott's growth model government introduced distortions reduce TFP, in my model government's lack of action results in lower emissions productivity in some countries due to the environmental externality distortion.
Copeland and Taylor (2004) 
Growth Model
An emissions projection can be produced by embedding the estimated models from the first two sections of the study in an economic growth model. The Green Solow Model (Brock and Taylor, in press ) is a simple model, which might serve this purpose. This is 
